whereas the former has always been found to be reliable when both variables were taken into account (Alario et al., 2004; Johnston & Barry, in press) . A crucial issue is the need to account for the effects of both variables in spoken production models.
Object naming can be modeled as involving four main processing levels: object identification, semantic access, lexical activation, and articulation. In Levelt et al.'s (1999) theory of spoken production, the effect of word frequency is located at the lexical level and, more precisely, at the level of the phonological forms of the words (the lexeme level). Levelt et al. implicitly admitted that word frequency and AoA were interchangeable. Therefore, the explanation put forward to account for word frequency effects in speech production could be transposed to account for AoA effects. However, AoA and word frequency are two distinct, important factors that need to be accounted for (Bonin, Barry, Méot, & Chalard, 2004) . A serious limitation of the Levelt et al. theory is therefore that it does not explicitly take into account the influence of AoA in naming speed in addition to that of word frequency. As Lambon Ralph and Ehsan (2006) claim, until recently there were very few explanations for AoA effects. It is not our intention to review all of them (see Johnston & Barry, in press, for a review). For our purposes, the most influential view is that put forward by Ellis and Lambon Ralph (2000) .
In the connectionist simulations of lexical processing reported by Ellis and Lambon Ralph (2000) , AoA effects emerge as a result of a loss of plasticity in the network during learning. Patterns that are introduced early in network training benefit from the fact that the system is at its most plastic at the beginning of learning, whereas patterns that are introduced later can still be learned, but not as effectively as early patterns (they must struggle to be represented). From this point of view, AoA and word frequency share a common locus: the links relating different kinds of representations (see also zevin & Seidenberg, 2002) . The simulations performed by Ellis and Lambon Ralph showed that word frequency also has an influence on network performance, with the result that the patterns that are frequently presented to the network achieve better representation than those introduced less frequently (see their Simulation 11). Moreover, word frequency and AoA interact so that a larger influence of word frequency is observed on patterns introduced late than on those introduced early. Therefore, Ellis and Lambon Ralph's view predicts an interaction between word frequency and AoA in behavioral data. However, the few studies in which this interaction has been investigated in spoken word production have yielded inconsistent findings (see below). In effect, as claimed by Lambon Ralph and Ehsan (2006) , there is a surprising paucity of data on the issue of whether or not AoA and word frequency interact. The investigation of this interaction is important both empirically and theoretically. From an empirical point of view, given the lack of consistent findings among the few studies that have addressed this issue, there is a great need to test the possible interaction in a systematic manner. In the present study, we sought converging evidence using both a factorial approach and a regression approach. From a theoretical point of view, the finding of an interaction between word frequency and AoA would provide additional support for Ellis and Lambon Ralph's connectionist view of AoA and word frequency in lexical processing. Lambon Ralph and Ehsan used the same network as did Ellis and Lambon Ralph to explore the influence of AoA and frequency as a function of types of mapping between input and output patterns. Their most important finding was that a word frequency 3 AoA interaction affected network performance for arbitrary mappings (which corresponds to the situation of picture naming). The interaction resulted in a larger frequency effect for patterns acquired later in life.
In the present study, we tested the interaction between word frequency and AoA in picture naming latencies in normal participants using both a factorial approach and a regression approach. The examination of the interaction between word frequency and AoA is somewhat complicated by the nature of the AoA variable. Whereas word frequency is an objective measure, word AoA is generally obtained by asking adults to rate, on a point scale, the age at which they think they learned each word presented in a list. However, this procedure has been criticized because adults cannot remember the exact age at which they learned different words. Such ratings are further influenced by other factors, such as the familiarity of the concept evoked by the word and the frequency with which the word is encountered . Other methods for estimating the AoA of words are to consult children's books or analyze the vocabulary of children of different ages. The measures obtained by both methods are strongly correlated. Carroll and White (1973) found a correlation of .85 between the subjective scales and the use of words in children's books. found a correlation of .84 between the subjective scales and definitions given by children of different ages (see also Morrison et al., 1997; Pind, Jónsdóttir, Gissurardóttir, & Jónsson, 2000) .
In an influential study, zevin and Seidenberg (2002) raised important issues related to both word frequency and AoA measures. With respect to word frequency, they argued that frequency norms derived from adult texts are generally used in AoA studies but do not reliably reflect the number of times words are encountered over the life span. There is an important phase of exposure to words during childhood that is not taken into account in adult frequency counts. Therefore, zevin and Seidenberg (2002) advocate the use of cumulative frequency norms, which correspond to the frequency of use of a word throughout childhood (considering reading books and textbooks for children at different age levels) plus the frequency of its use in adult texts. zevin and Seidenberg (2002) also raised concerns about the use of objective AoA norms to predict lexical processing because of its status as a performance variable. According to them, it is not surprising that children's performance in picture naming (from which "objective" AoA measures are derived) predicts the performance of adults in the same task, since both are dependent variables that result from other factors. To avoid this problem, zevin and Seidenberg (2002) introduced the concept of frequency trajectory, which refers to the variation of frequencies over the life span. Words that are more frequently encountered during an initial period of acquisition are those that are learned first (see Bonin et al., 2004, and Seidenberg, 2004 , for converging evidence). According to zevin and Seidenberg (2002) , frequency trajectory measures, and not classical AoA measures obtained from adult ratings or from child performance, should be used to study age-limited learning effects. Recently, Bonin et al. (2004) investigated frequency trajectory and cumulative frequency effects in various lexical processing tasks (spoken/written naming, word reading, spelling to dictation, and lexical decision). Interestingly, they reanalyzed a picture naming experiment that they had conducted 2 years earlier (Bonin et al., 2002) and found reliable effects of both cumulative frequency and frequency trajectory in picture naming latencies.
The close relationship between rated/objective AoA norms and word frequency measures means that it is difficult to find high-frequency stimuli that are acquired late in life and low-frequency stimuli that are acquired early. Perhaps for this reason, few picture naming experiments using a factorial design have been conducted to date. A recent study in which the variables of AoA and frequency were crossed factorially is that of Meschyan and Hernandez (2002) . In their first experiment, the authors varied orthogonally AoA and word frequency as well as the delay (0 vs. 2,200 msec) between the picture onset and a naming cue. They used subjective word frequency measures and objective AoA scores taken from the Morrison et al. (1997) study. Meschyan and Hernandez found significant effects of AoA, no reliable effects of word frequency, and no reliable interaction between the two variables in immediate naming (i.e., interval 0). In their second experiment, in which two new delays (750 and 1,500 msec) were added, they found effects of both AoA and word frequency at the 0 interval but no reliable interaction between the two factors. However, in another recent study (Lambon Ralph & Ehsan, 2006) , an interaction between word frequency and AoA was found to affect both picture naming and word reading latencies.
The interaction between word frequency and AoA was tested by Barry et al. (1997) in a multiple regression analysis. They found a reliable interaction, with the result that a larger frequency effect was found on items acquired late than on those acquired early. It must be stressed, however, that this interaction was not obtained with the use of objective AoA norms, which suggests that the interaction may not be robust. Chalard et al. (2003) , using different measures of word frequency, also did not find a reliable interaction between the two factors in picture naming in French.
The lack of a reliable interaction between AoA and word frequency found in certain studies (e.g., Chalard et al., 2003; Meschyan & Hernandez, 2002) is at odds with the Ellis and Lambon Ralph (2000) connectionist model, which clearly predicts an interaction between the two variables (see also Lambon Ralph & Ehsan, 2006) . It also contrasts with reports of a reliable interaction on naming latencies found by Barry et al. (1997) and Lambon Ralph and Ehsan. However, as far as the Lambon Ralph and Ehsan study is concerned, it is worth mentioning that the interaction between word frequency and AoA was not reliable for items.
Given (1) the lack of consistent findings on the interaction between AoA and word frequency in the few picture naming studies in which it was tested and (2) the implication it may have on the modeling of AoA and word frequency effects in spoken word production, we decided to investigate this interaction in picture naming latencies in a more systematic manner by using both a factorial approach and a regression approach. We report four experiments in which a factorial design was used. In the first three, adult frequency measures were used, and cumulative frequency was used in the fourth. Adult ratings of AoA were used in Experiments 1, 2, and 4, whereas objective AoA measures were used in Experiment 3. In a fifth experiment, we used the regression approach, including all the measures of frequency and AoA. We sought to determine whether or not the critical interaction is found independently of the AoA measure used (subjective or objective). The aim of these experiments was to test whether or not the frequency effect would be reliably larger for words acquired late than for those acquired early, as predicted by Ellis and Lambon Ralph's (2000) model.
ExpErimEnt 1 method
participants. Thirty-two psychology students at the University of Oviedo participated in the experiment. All had normal or correctedto-normal vision and were native speakers of Spanish.
Stimuli. Sixty pictures were used, 15 in each of the following four experimental conditions: early AoA-high frequency, early AoA-low frequency, late AoA-high frequency, and late AoA-low frequency. The pictures were selected from a database of 800 pictures taken from Snodgrass and Vanderwart (1980) ; Bonin, Peereman, Malardier, Méot, and Chalard (2003); and Cycowicz, Friedman, Rothstein, and Snodgrass (1997) , plus some from tests such as the Peabody test (Dunn & Dunn, 1986 ) and EPLA (Valle & Cuetos, 1995) .
Familiarity ratings were obtained from a sample of 28 students at the University of Oviedo, who were asked to judge the degree to which they came in contact with or thought about the object represented by a word. A 7-point scale was used on which 1 indicated very unfamiliar and 7 very familiar. Imageability ratings were obtained from an additional 28 students at the University of Oviedo, who were asked to indicate, on a scale on which 1 indicated very easy and 7 indicated very difficult, the degree of difficulty in eliciting the image of the object represented by the word. Visual complexity ratings were obtained from another pool of 28 students, who had to rate the complexity of each drawing on a 5-point scale on which 1 indicated drawing very simple and 5 indicated drawing very complex. Similarly, AoA ratings were obtained following the procedure of Gilhooly and Logie (1980) : Twenty-eight additional students were asked to estimate the age at which they had learned each word. Each point on the scale represented 2 years in the participant's life: 1 indicated that the participant thought he or she had learned the word by the age of 2 years; 2, that he or she had learned it at 3-4 years of age, and so on; finally, 7 indicated that the participant estimated that he or she had learned the word after 13 years of age. Word frequencies were taken from the LEXESP database (Sebastián, Martí, Carreiras, & Cuetos, 2000) , on a corpus of 5 million words that included a representative sample of written texts (novels, newspapers, essays, etc.). All the pictures had name agreement above 85%. The means for the statistical characteristics of the items are presented in Table 1 . There were no reliable differences among the four conditions with respect to the variables of familiarity, imageability, visual complexity, and length. As for the initial phoneme, the four experimental conditions had roughly the same number of words starting with voiced and with voiceless phonemes (only the third condition had more words starting with voiced than with voiceless phonemes). A list of the items is provided in Appendix A.
procedure. The experiment was run in the psychology laboratory of the University of Oviedo. The participants entered a soundproof room 1 at a time. A microphone was placed in front of the participant's mouth and connected to a voice key that collected his or her responses. The experiment was run with the Superlab program (Beringer, 1995) , and the task was to name black-and-white images that appeared on a computer screen. naming latencies were recorded by the voice key. All of the stimuli were randomized for each participant, with the restriction that no more than three stimuli of the same category ever appeared consecutively. Prior to the experiment, each participant was given the complete list of pictures for naming and received feedback on the names. The reason for this previous presentation was to bring the procedure in line with the standard pattern in psycholinguistics, since most picture naming experiments include this process of familiarizing participants with the stimuli. Once this previous stage was completed and after a short rest, the experiment began and the participant was no longer corrected. Latencies and errors were then recorded.
results
Prior to the statistical analysis, all errors committed by the participants in picture naming (2.29% of responses), voice key failures (0.78% of responses), and values more than 2.5 SDs from the mean (3.54% of responses) were eliminated. All effects reported here as significant are at an alpha level of at least .05.
In Table 2 , the mean naming latencies (in milliseconds), their SDs, and percentages of errors are provided.
The main effect of AoA was significant across both participants [F 1 (1,31) 5 13.40] and stimuli [F 2 (1,56) 5 6.40]. Word frequency was significant neither for participants [F 1 (1,31) 5 1.05] nor for stimuli (F 2 , 1). The interaction was significant neither for participants [F 1 (1,31) 5 2.95] nor for stimuli (F 2 , 1).
Discussion
In this experiment, in which a factorial design was used, the results were similar to previous findings reported in the literature: AoA had a significant effect on naming times, and word frequency failed to reach significance (see, e.g., Barry et al., 2001; Bonin et al., 2001 ). Furthermore, there was no reliable interaction between the two factors.
ExpErimEnt 2
Experiment 2 was similar to Experiment 1 except that it was conducted in French. method participants. Thirty psychology students at the University of Clermont-Ferrand participated in the experiment. All had normal or corrected-to-normal vision and were native speakers of French.
Stimuli. Sixty-eight pictures were used, 17 in each of the following four experimental conditions: early AoA-high frequency, early AoA-low frequency, late AoA-high frequency, and late AoA-low frequency. The pictures were selected from the Cycowicz et al. (1997) study.
Conceptual familiarity, imageability/image variability, visual complexity, name agreement, and AoA ratings were obtained from Alario and Ferrand's (1999) norming study. Word frequency estimations were taken from the Brulex database (Content, Mousty, & Radeau, 1990) and from the Lexique database (new, Pallier, Ferrand, & Matos, 2001) . Brulex frequencies are based on a smaller corpus than the LEXIQUE database, the latter of which is a corpus of 31 million words covering all parts of speech of the French language. Lexique is the current reference tool for psycholinguists in French. Phonological and syllable length were not perfectly matched across high-and low-frequency items. Therefore, these were introduced as covariate factors in the items analysis.
The means for the statistical characteristics of the items are presented in Table 3 , and the list of the items is provided in Appendix B.
procedure. The procedure used was the same as in Experiment 1 except that naming latencies were recorded with an Apple Macintosh and PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) was used. Also, the learning phase was less stringent than that in Experiment 1, since no feedback on the picture names was provided.
results
The procedure used to eliminate the data in Experiment 1 was applied here: Voice key failures (2.9%), participant errors (4.17%), and values more than 2 SDs from the mean (2.25%) were eliminated from the analyses. Mean naming latencies, their SDs, and error rates are provided in Table 4 . 
Discussion
This experiment was very similar to that conducted in Spanish except that the learning of the pictures before the naming experiment was less stringent. As in Experiment 1, a reliable effect of AoA was found, whereas word frequency was reliable only in the participants analysis. Importantly, the interaction was significant in the participants analysis but failed to reach significance in the items analysis. Moreover, the form of the interaction was not in accord with that predicted by Ellis and Lambon Ralph (2000) and Lambon Ralph and Ehsan (2006) , since the influence of word frequency was stronger on items acquired early than on those acquired late and, moreover, the frequency effect was reversed on items acquired early. In Experiments 3 and 4, which were conducted only in Spanish, a factorial design was again used. In Experiment 3, objective AoA measures were used. This type of measure has become common in AoA studies and has been claimed to be preferable to AoA ratings (Morrison & Ellis, 2000; but see zevin & Seidenberg, 2002) . In Experiment 4, rated AoA measures and a cumulative frequency measure were used.
ExpErimEnt 3
We began this experiment by collecting objective data on AoA for Spanish words. Following the procedure used by Morrison et al. (1997) , we obtained naming data from children of different ages. On individual cards, 345 pictures of objects from the same databases used in Experiment 1 were presented to children 26-187 months of age (i.e., 2-15.5 years of age) for naming. We established 6-month intervals in the period comprised from the 26th to the 97th month and 12-month intervals in the period from the 98th to the 187th month. For each of the 19 levels, we recruited a sample of 20 children (10 boys and 10 girls) from various schools and day-care centers of Oviedo and gave them the cards for the pictures that they were to name. When they did not know the name of a picture, the card was moved to the bottom of the stack, and they continued. A word was considered to be acquired at 1 of the 19 levels when 75% of the children of that age and older named it correctly. method participants. Thirty psychology students from the same pool as those in Experiment 1 participated in this experiment. All were native speakers of Spanish with normal or corrected-to-normal vision. none of them had participated in Experiment 1.
Stimuli. Of the 345 pictures on the cards, a total of 60 pictures of objects were selected, 15 for each of the following experimental conditions: early AoA-high frequency, early AoA-low frequency, late AoA-high frequency, and late AoA-low frequency. The items in these four categories were similar in familiarity, imageability, visual complexity, and name length. All of the stimuli had name agreement above 85%. The means for the statistical characteristics of the items are shown in Table 5 , and the list of items used is provided in Appendix C.
procedure. The procedure was the same as that used in Experiment 1.
results
As in Experiment 1, prior to the analysis the participants' errors (4.61%), voice key failures (4.89%), and scores more than 2.5 SDs from the mean (2.67%) were eliminated. The mean naming latencies, their SDs, and percentages of errors are shown in Table 6 .
AoA was significant for both participants [F 1 (1,29) 5 107.40] and items [F 2 (1,56) 5 25.51]. Word frequency was significant neither for participants (F 1 , 1) nor for stimuli (F 2 , 1). The interaction between the two factors was significant in the participants analysis [F 1 (1,29) 5 9.39] but not in the items analysis [F 2 (1,56) 5 2.29]. A larger word frequency effect was found on words acquired early (233 msec) than on those acquired late (18 msec).
Discussion
A different measure of AoA was used, but the results were generally similar to those of the first two experiments. AoA was again highly significant, but word frequency was not. This interaction between AoA and word frequency was reliable only in the participants analysis and, as in Experiment 2, was in the direction opposite that predicted by the Ellis and Lambon Ralph (2000) model. Contrary to Experiment 2, on items acquired early, the frequency effect note-HF, high frequency; LF, low frequency. Visual complexity was rated on a scale of 1-5, and imageability and familiarity on scales of 1-7 (Alario & Farrand, 1999) . was not reversed, since word frequency was larger for items acquired early than for items acquired late.
ExpErimEnt 4
In this experiment, an orthogonal factorial design was again used, but cumulative frequency was employed as a measure of word frequency. By adding the frequency with which the words appear in childhood to the frequency with which they appear in adulthood, we can get a more reliable estimate of how often a word is encountered over the life span (zevin & Seidenberg, 2002) . Adult frequency was taken from the LEXESP database (Sebastián et al., 2000) , and child frequency was taken from the database of Martínez and García (2004) . These authors obtained the values of frequency from a sample of children's books. This sample included reading books as well as textbooks from Grades 1-6 (6-12 years of age). In this database, word frequency at each level, as well as cumulative frequency by levels, is available. For our experiment, we used the sum of the frequencies from all six levels. Since the total number of words of the database is 2,600,000, we divided the value of each word by 2.6 in order to obtain child frequency per million. Cumulative frequency was computed as the sum of adult frequency per million and child frequency per million. As a measure of AoA, we used AoA ratings as described in Experiment 1. method participants. The participants were 32 psychology students at the University of Oviedo who received course credit for their participation. All were native speakers of Spanish and had normal or corrected-to-normal vision. none of them had participated in any of the previous experiments.
Stimuli. Sixty pictures of objects were selected from the same database used in Experiment 1, 15 for each of the following experimental conditions: early AoA-high cumulative frequency, early AoA-low cumulative frequency, late AoA-high cumulative frequency, and late AoA-low cumulative frequency. The items in these four conditions were similar in visual complexity, imageability, familiarity, and length (there were no statistical differences among the four experimental conditions with respect to these variables). All of the pictures had name agreement above 85%. Regarding the initial phonemes, the four experimental conditions included eight words whose first phoneme is voiceless and seven whose first phoneme is voiced. The means for the statistical characteristics for each of the four experimental conditions are shown in Table 7 , and the list of items is provided in Appendix D.
procedure. The procedure was the same as that used in the previous Spanish experiments.
results and Discussion
naming times were excluded from the analyses whenever any of the following conditions held: response error (1.72%), technical error of the voice key (0.16%), and response times exceeding 2.5 SDs of the mean (1.77%). Overall, 3.65 of the observations were discarded. In Table 8 , the mean naming latencies, their SDs, and percentages of errors are shown.
As in the previous experiments, items acquired early were named faster than items acquired late [F 1 (1,31) 5 49.47 and F 2 (1,56) 5 9.35]. Cumulative frequency was marginally significant for participants [F 1 (1,31) 5 3.99] and not significant for items [F 2 (1,59) 5 1.15]. The interaction between AoA and cumulative frequency was significant for participants [F 1 (1,31) 5 9.52] but not for items [F 2 (1,56) 5 1.12]. On participants, the interaction indicated that the word frequency effect was larger on items acquired early (232 msec) than on those acquired late (11 msec).
Again, the pattern of results is similar to that obtained in the two previous experiments-that is, there was a significant effect of AoA but no reliable effect of frequency, and a weak interaction between the two variables (significant only for participants). Also as in Experiments 2 and 3, the interaction was opposite that predicted by the Ellis and Lambon Ralph (2000) model.
ExpErimEnt 5
The four factorial experiments reported thus far do not provide evidence that word frequency and AoA interact, with the result that a larger frequency effect is observed on items acquired late than on items acquired early. In effect, the interaction was reliable only in the participants analyses in Experiments 2, 3, and 4. In none of the experiments was the interaction in the direction predicted by Ellis and Lambon Ralph's (2000) model. It may be the case that the drastic selection conditions imposed by the factorial manipulation of AoA and word frequency lead to the selection of very specific items, which, in turn, leads to some unstable findings. To circumvent this potential problem, in Experiment 5 we opted for a regression approach with note-HF, high frequency; LF, low frequency. Visual complexity was rated on a scale of 1-5, and imageability and familiarity on scales of 1-7. the use of a large set of items. Likewise, we sought the reliability of a word frequency 3 AoA interaction with the use of different measures of word frequency and AoA in different analyses. method participants. Thirty students at the school of psychology of the University of Oviedo participated in this experiment. All were native Spanish speakers and all had normal or corrected-to-normal vision.
Stimuli. The stimuli were 180 black-and-white drawings selected from the databases referenced in Experiment 1. For all of them, values of AoA, adult frequency, child frequency, cumulative frequency, familiarity, and name agreement were available and taken from the sources previously described. All of the pictures had name agreement higher than 85%.
procedure. The experiment was carried out in a soundproof room, and the stimuli were presented on a computer screen. The participants entered the room 1 at a time. A microphone was put near the participant's mouth, and he or she had to name the stimuli. Reaction time was recorded by a voice key. Each trial had the following structure: An asterisk was presented for 1,000 msec, followed by a picture, which remained on the screen until the participant initiated a response or 3,000 msec had elapsed. The next trial began 1,000 msec after the participant had initiated the response. The pictures were divided into three blocks of 60, and at the end of each block the participant was allowed to take a break. The presentation of the blocks was balanced, and the stimuli in each block were randomized for each participant. An experimenter was in the room with the participant during the experiment to note errors.
results and Discussion
One of the stimuli (aceituna) was eliminated because of a high number of errors. A total of 8.0% of the response times were eliminated, with 4.9% corresponding to participant errors, 1.1% to problems with the voice key, and 2.0% because they were more than 3 SDs above or below the mean.
Two types of regression analysis were done. The first type of analysis was conducted to examine whether or not frequency trajectory was a reliable determinant of the two AoA measures (rated and objective). This has to be established in order to validate the use of frequency trajectory as an operationalization of the age/order of acquisition of words. Therefore, one of the two measures of AoA was used as the dependent variable, and the independent variables were name agreement, conceptual familiarity, imageability, phonological length, frequency trajectory, and cumulative frequency. In the second type of analysis, naming times were considered as the dependent variable whereas the independent variables were name agreement, conceptual familiarity, imageability, phonological length, one measure of AoA (subjective, objective, or frequency trajectory), one measure of frequency (adult frequency or cumulative frequency), and the interaction term corresponding to AoA and word frequency.
Three items ( flauta, hada, and pirata) appeared as important outliers in all of the analyses. Therefore, these items were discarded in all the regression analyses reported below.
As is shown in Table 9 , frequency trajectory and cumulative frequency were significant determinants of the two AoA measures. Moreover, conceptual familiarity and number of phonemes were also reliable determinants of AoA ratings, as was name agreement for the objective AoA scores.
As far as naming times are concerned (see Table 9 ), the measures used for AoA were always significant, whereas word frequency was reliable only in the regression equation taking into account cumulative frequency and frequency trajectory. The interaction effect was significant only in the analyses for which the objective AoA measures were used. The positive sign of the beta coefficient of this interaction indicates that a larger frequency effect was found on items acquired early than on items acquired late. It is worth noting that name agreement was always significant, whereas number of phonemes and conceptual familiarity were reliable in the analyses using the objective measures of AoA. Conceptual familiarity was also significant in the regression equation, for which cumulative frequency and frequency trajectory were used.
The findings obtained with the multiple regression approach are consistent with those obtained with the factorial approach (Experiments 3 and 4). Critically, the interaction between AoA and word frequency was reliable only when objective AoA norms were used, and it was in the direction opposite that predicted by the Ellis and Lambon Ralph (2000) model: A larger effect of frequency was observed on items acquired early than on those acquired late.
GEnErAl DiSCUSSion
The present study was undertaken to test the reliability of the interaction between AoA and word frequency in picture naming latencies in normal participants. This has not yet been investigated in a systematic manner, and the few studies in which it was tested have yielded inconsistent findings (e.g., Lambon Ralph & Ehsan, 2006; Meschyan & Hernandez, 2002) . Because this interaction is clearly predicted by certain views of AoA in lexical processing (Ellis & Lambon Ralph, 2000; Lambon Ralph & Ehsan, 2006) , we aimed to determine whether it would be found reliably in picture naming latencies. In particular, the finding of a reliably larger influence of word frequency for words acquired late than for those acquired early in naming speed would provide additional support for the connectionist approach of AoA in lexical processing advocated by Ellis and Lambon Ralph (see also Monaghan & Ellis, 2002b) . A series of five experiments was conducted to test the interaction between word frequency and AoA in picture naming latencies using both a factorial (four experiments) and a multiple regression (one experiment) approach. The interaction was reliable in three of the four factorial experiments, but only in the participants analyses. Moreover, the direction of the interaction was different from that predicted in Experiments 2, 3, and 4. In Experiment 5, in which a regression approach was used, the interaction was tested in several analyses using different measures of AoA and word frequency. Only when objective AoA norms were included in the analyses was the interaction significant. However, a close examination of the interaction indicated that it was not in the direction predicted by the Ellis and Lambon Ralph (2000) model, since a larger frequency effect was found on items acquired early than on those acquired late.
It might be asked why we used both a factorial and a regression approach to investigate this issue and not only a factorial approach, since the latter is sometimes thought to be the more appropriate approach (but see Méot & Bonin, in press) in the sense that it allows more reliable conclusions than the former approach. The factorial approach imposes drastic selection conditions when the factors of interest are highly related, as is the case for word frequency and AoA. Very specific items may be selected, and the results obtained under these conditions are sometimes difficult to generalize. Indeed, in our experiments the results were mostly significant in the participants analyses and not in the items analyses. Moreover, the interaction had a different form in one of two experiments in which the interaction was reliable for participants. The multiple regression approach allows more generalization but suffers from less internal validity than the factorial approach (Méot & Bonin, in press ). Importantly, the pattern of findings concerning the interaction between word frequency and AoA in picture naming latencies was highly similar between the two approaches.
As we explained in the introduction, one of the most influential views of AoA effects in lexical processing is that of Ellis and Lambon Ralph (2000) . According to this view, AoA effects are the result of a loss of plasticity in learning of the network. Patterns acquired late can be learned, but they have fewer degrees of freedom to change the weights relating to different codes to represent themselves. This view also predicts an influence of the frequency of encounter of the patterns during the learning of the network. Importantly, the two factors-order of introduction and frequency of word encounter-combine, with the result that a larger frequency effect is found on patterns introduced late in the learning of the network than on those introduced earlier. Barry et al. (1997) reported a reliable interaction between word frequency and AoA in a multiple regression study. The form of the interaction was in the direction predicted by Ellis and Lambon Ralph-that is, word frequency had a larger influence on picture items acquired late than on those acquired early. Barry et al. (1997) accounted for this interaction by assuming that word frequency is encoded in the links relating semantic and phonological representations, whereas AoA is located in the lexical representations themselves. However, the hypothesis that AoA is located at the level of phonological representations has been challenged by Monaghan and Ellis (2002a) . Furthermore, it should be remembered that the interaction found by Barry et al. (1997) is not very robust because it was not reliable when objective AoA measures were used. Even in the recent study of Lambon Ralph and Ehsan (2006) , the interaction between AoA and word frequency in naming latencies was not reliable on items.
The connectionist view of AoA and word frequency advocated by zevin and Seidenberg (2002) that it also predicts an influence of cumulative word frequency in all lexical processing tasks. However, according to zevin and Seidenberg (2004), reliable age-limited effects are anticipated only in tasks that mobilize arbitrary mappings, such as picture and face naming. This view has been supported by both behavioral (Bonin et al., 2004) and computational (Lambon Ralph & Ehsan, 2006; zevin & Seidenberg, 2002) data. zevin and Seidenberg (2002) did not provide computational evidence for an interaction between the two factors when the mappings between codes are arbitrary. However, Lambon Ralph and Ehsan provided computational evidence for such an interaction when the mappings between input and output codes are arbitrary. The implications of our findings are clear: Although a word frequency 3 AoA interaction can be found in certain studies, it is certainly not robust. Moreover, the direction of the interaction varies across studies. Therefore, spoken production models that predict an interaction between word frequency and AoA will have to be altered so as to account for the fact that this interaction is not stable and often unreliable in behavioral data. It is worth mentioning here that Stadthagen-Gonzalez, Bowers, and Damian (2004) found, in a lexical decision task, which requires semantic access under certain conditions (Plaut, 1997) , that even though some words become very frequent in certain populations (e.g., carbon for chemists, behavior for psychologists), they never gain a processing advantage over some early acquired words whose frequency declines in adulthood (e.g., dragon). Across our series of experiments, we found that AoA was a reliable determinant of naming speed regardless of which measure was used: subjective ratings, objective scores derived from child performance, or frequency trajectory. However, word frequency was found to be reliable only when cumulative frequency was used in the regression analysis in Experiment 5. These findings accord with those obtained in other studies. In fact, significant effects of AoA and no reliable effects of word frequency have been reported in regression (Bonin et al., 2002; Carroll & White, 1973; Chalard et al., 2003; Gilhooly & Gilhooly, 1979; Morrison et al., 1992; Vitkovitch & Tyrell, 1995) and semifactorial (Barry et al., 2001; Bonin et al., 2001) studies. The observation that word frequency was reliable when cumulative frequency was used in Experiment 5 is consistent with the claim made by zevin and Seidenberg (2002) that word frequency norms should take into account child frequencies and not only adult frequency if one aims to have a better estimation of the frequency of encounter of words over the life span. However, the use of cumulative frequency does not always result in the emergence of a reliable effect of frequency, since it was not significant in Experiment 4.
To conclude, our study makes a strong contribution in showing that the modulation of word frequency as a function of the AoAs of words is not a robust finding in the picture naming performance of adults. The interaction that is clearly predicted by one influential connectionist view of AoA effects in lexical processing (Ellis & Lambon Ralph, 2000) is therefore constrained by these data.
